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(57) Anray elements 11 1 -1 to 111 -n of array antenna 

101 are arranged at respective different heights from a 
ground so as not to overlap to each other in a vertical 
direction. Received frequency conversion section 102 
converts a radio frequency signal received at each of 
the array elements 111-1 to 1 1 1-n of array antenna 101 
into an intermediate frequency signal or l:»aseband sig- 
nal. A/D porwersion sectk>n 103 converts an analog sig- 
nal output from received frequency conversion section 

102 into a digital signal using a proper sampling fre- 
quency. Direction estimating section 105 estimates 
directions of an arrival radio signal in a horizontal plane 
and vertical plane using received digital signals 
obtained in ND conversion section 103. It is thereby 
possible to suppress increases In the number of array 
elements and computation amount, and to Improve esti- 
mation accuracy in the vertical direction end resolutton 
at the time a plurality of signals anive. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a direction estimating apparatus and method that estimate a direction of an 
arrival radio signal using an array antenna, and to a directivity controlling antenna apparatus that controls directivity of 
the array antenna variably t>ased on the estimated result. 

10 

Description of the Related Art 

[0002] As techniques that improve communication quaPrties and frequency channel capacity, attention is recently 
drawn to antenna directivity controlling techniques that change an antenna directivity dynamicaliy corresponding to 
15 propagation envitt>nnnents. A representative example of the antenna directivity controlling techniques is an adaptive 
array employing an array antenna and digital signal processing. 

[0003] The adaptive array generally analyzes digital signals received at the array antenna based.on some known 
infomiation. and thereby obtains weights for array elements to form a radiation pattern. One of the known informatksn 
is a direction of an arrival radio signal. When a direction of a desired signal and that of an Interfering signal are known, 

20 control is performed to point a beam of the radiation pattern of the array antenna to the direction of the desired signal, 
and to point a null to the a direction of the interfering signal, whereby it Is possible to wnprove communication quaPrties. 
[0004] Meanwhile the technique for estimating a direction of an arrival radio signal is also attracth/e to detect a posi- 
tion of a communication terminal in a base station. This technique can be used in assigning dynamic channels using 
spatial traffic information, and further is considered to be applied to an apparatus for supervising unlicensed signals. 

25 [0005] An example of methods for estimating a direction of an an-jval radio signal with high accuracy from received 
signals at an an^y antenna is a subspace-based method represented by a MUSIC (Multiple Signal Classification). The 
subspace-based m ethod employs eigen vectors of a covarian ce matrix obtai ned from complex digital signals received 
at an array antenna. The details of the MUSIC method Is described in "Multiple Emitter Location and Signal Parameter 
Estimation*, R.O.Schm1dt, IEEE Trans. AP-34, 3, 1986. 

30 [0006] Further proposed method is, for example, a TQR-SVD (Transposed QR - Singular Value Decomposition) 
that updates eigen vectors sequentially to adapt to a rapid change in propagation environment in a mobile communica- 
tion. The details of the TQR-SVD method is described in E.M.Dowling, L.P.Ammann. R.D.DeGoat, "A TQR- Iteration 
Based Adaptive SVD for Real Time Angle and Frequency Tracking", IEEE Trans, SP-42, 4, 1994. 
[0007] In the case where a direction of an arrival radio signal is estimated using an array antenna, estimation accu- 

35 racy and resolution at the time a plurality of signals arrival Is dependent on, for example, the number of array elements 
composing the array antenna, a radiatk>n pattern of each array element, and spatial positional lelationship between 
arranged array elements. 

[0008] It is general to arrange amay elements In the form of a circle to estimate a direction of an arrival signal in a 
horizontal plane. When array elements are arranged on a plane, it is possible to estimate directrans of the arrival signal 
40 not only in the horizontal plane but also in a vertteal plane. In partknjiar. it is possible to improve estimation accuracy in 
the vertical plane by arranging circular arrays in the vertk::al direction so as to pile up a pluraPity of steps, thereby making 
a cylindrical form as an entire structure. 

[00O9] However piling up the circular annays in the vertical direction to be the plurality of steps increases the number 
of array elements, thereby provides a disadvantage in production cost, and further increases a computation amount for 
45 signal processing because inputs are Increased. 

SUMMARY OF THE INVENTION 

[0010] It Is an object of the present Invention to provide a direction estimating apparatus and method which sup- 
so press increases in the number of array elements and computation amount and whteh enable improved estimation accu- 
racy in a vertical plane and improved resolution at the time a plurality of signals anive, In estimating directions of an 
amval radio signal in a horizontal plane and in the vertical plane, and further to pn>vide a directivity controlling antenna 
apparatus that controls radiation beam patterns of an array antenna variably using direction estimated results. 
[0011] The present invention achieves the above object by arranging a plurality of antennas composing the array 
55 antenna at respective different heights from a ground so as not to overlap to each other in the vertteal direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 2] The above and other objects and features of the Invention will appear more fully hereinafter from a consid- 
eration of the following description taken in connection with the accompanying drawing wherein one example is illus- 
5 trated by way of example, in which: 

FIG.1 is a block diagram illustrating a configuration of a direction estimating apparatus in a first embodiment of the 
present invenflon; 

FIQ^ is a diagram illustrating a configuration of an array antenna in the first entf)odiment of the present Invention; 
w FIG.3A illustrates diagrams to explain path differences between an^ay elements when arrival radio signals are 
assumed to be plane waves in the first embodiment of the present Invention; 

FIG.3B illustrates diagrams to explain path differences between array elements when an'ival radio signals are 
assumed to be plane waves in the first embodiment of the present invention; 

FIG. 4 A Is a diagram illustrating another configuration of an array antenna in the first embodiment of the present 

15 Invention; 

FIG.4B is a diagram illustrating another configuration of an array antenna In the first embodiment of the present 
Invention; 

FIG.SA is a first diagram to explain the operation of an azimuth estimating section in the first embodiment of the 
present invenlSon; 

20 FIG.5B is a first diagram to explain the operation of an azimuth estimating section in the first embodiment of the 
present Invention; 

FIG .6 is a second diagram to explain the operation of the azimuth estimating section in the first embodiment of the 
present invention: 

FIG.7 is a diagram illustrating a configuration of an azimuth estimating apparatus in a second embodiment of the 
as present Invention; 

FIG. 8 Is a diagram to explain the operation of a position calculating section in the. second embodiment of the 
present Invention; 

RG^ is a diagram lllusti^ting a configuration of an array antenna in a third embodiment of the present invention; 
FIG.1 OA is a diagram to explain the operation of an azimuth estimating section In the third embodiment of the 
30 present invention; 

FtG.lOB is a diagram to explain the operation of an azimuth estimating section in the third embodiment of the 
present invention; 

FIG. 11 is a block diagram Illustrating a configuration of a directivity controlling antenna apparatus in a fourth 
embodiment of the present Invention; 
35 FIG.1 2 Is a first block diagram Illustrating a configuration of a directivity controlling antenna apparatus In a fifth 
embodiment of the present invention; 

RG.1 3 is a second block diagram illustrating a configuration of another directivity controlling antenna apparatus in 
the fifth embodiment of the present Invention; 

RG.1 4 is a third block diagram illustrating a configuration of the other directivity controlling antenna apparatus in 
40 the fifth embodiment of the present invention; 

FIG.1 5 is a block diagram Illustrating a configuration of an azimuth estimating apparatus in a sixth embodiment of 

the present invention; 

FIG.1 6 is a first diagram to explain a method of generating an I signal and Q signal In an IQ generating section In 
the azimuth estimating apparatus in the sixth embodiment of the present invention; 
45 FIG.l 7 is a second diagram to explain a method of generating an I signal and O signal in an IQ generating section 
in the azimuth estimating apparatus in the sixth embodiment of the present Invention; 

FIG.1 8 is a block diagram Illustrating a configuration of an azimuth estimating apparatus in a seventh embodiment 
of the present invention; 

FIG.1 9 is a diagram illustrating a configuration of a directivity controlling antenna apparatus in en eighth embodi- 
so ment of the present Invention; 

FIG. 20 is a diagram to explain a method of generating an I signal and Q signal in an IQ generating section in the 
azimuth estimating apparatus In the eighth embodiment of the present invention; 

FIG. 21 Is a first block diagram illustrating a configuration of a directivity controlling antenna apparatus in a ninth 
embodiment of the present invention; 
55 F1G:22 is a second block diagram illustrating a configuration of another directivity controlling antenna apparatus in 
the ninth embodiment of the present Invention; and 

FIG.23 is a third block diagram 11 lustratirig a configuration of tiie other directivity controlRng antenna apparatus in 
the ninth embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] - Embodiments Of me presert invention will be described specifically be^ 
5 (Rrst embocfiment) 

[00141 FIG.1 is a block diagram illustrating a configuration of a direction estimating apparatus in the first embodi- 
ment of me present invention. TTie direction estimating apparatus illustrated in FIG.1 is mainly comprised of array 
antenna 101, received frequency conversion section 102, A/D conveision section 103 and direction estimating section 
70 1 05- Array antenna 101 is comprised of n (n Is a natural nunnber equal to or more than 2) array elements 1 1 1 -1 to 1 1 1 - 
n. An arranged position of each of array elements 1 11 -1 to 1 1 1 -n In array antenna 101 Is described later. 
[001 5] Received frequency conversion section 1 02 converts a respective radio frequency signal received at each 
of array elements 11 1 -1 to 1 1 1 -n of array antenna 1 01 into a respective intermediate frequency signal or baseband sig^ 
nal. 

IS [0016] A/D conversion section 103 converts an analog signal output from received frequency conversion section 
1 02 into a digital signal using a proper sampling frequency. 

[0017) Clock generating section 1 04 generates a clock with the sampling frequency to provide to A/D conversion 
section 103. In addition, In the present invention, as the clock frequency generated In clock generating sectton 104. 
either of fixed or varied frequency is available. 
20 [0018] Direction estimating section 105 estimates directions of an incoming radio signal in a horizontal plane and 
vertk:al plane using received digital signals obtained in A/D conversion sectton 103. 

[001 9] The following explains about arrangement of array elements of an^y antenna 1 01 and a direction estimating 
procedure in direction estimating section 105. In addition, it is assumed in the following explanation that ♦ is indicative 
of an angle In the range of 0" to 360 ' (0 to 2n rad) in the horizontal direction, and G is indfcative of an angle in the range 

25 of -90" to 90 « i-n/2 to -31/2 rad) in the vertical direction. 

[0020] In the direction estimation, using a super resolution algorithm such as the MUSIC method enables highly 
accurate estimation of a direction of arrival of a received signal. The MUSIC method, called a subspace-based method, 
calculates a covariance matrix from received signals of an array antenna, and using eigen vectors of the oovarlance 
matrix, estimates the direction of anival. . 

30 [0021 ] Assuming that a received signal of an array antenna comprised of M elements is X, a covariance matrix Rxx 
is obtained with the equation (1) shown bek>w. 

R^x^XX" (1) 

35 where X is a matrix having as elements respective received signals at anray elements, H is Indicative of complex conju- 
gate transposition, and - is indicative of mean. When the number of arrival signals is S. M eigen vectors of the covari- 
ance matrix Rxx is divided into S subspace vectors Es belonging to a signal space, and (M-S) subspace vectors En 
belonging to a noise space. The following equation (2) expresses a steering vector A(^,e) for array antenna 101 with 
respect to directions «>,e} of the arrival signals. 

40 

A{<^,e) = (a, (♦.e), • • • , a„(*,e>. • • • . a^i^^B)} ^ (2) 

wherein m is a natural number of 1 to M, a,T,(<^.e) Is a steering vector for each array elenrient, and T is indicative of trans- 
position. At this point, in the direction (^0,60) of an arrival radio signal, and A(i^O,eo) are orthogonalized to each 
45 other. Using ttiis property, an directional evaluation function F(<>,9) is expressed with the equation (3) shown below. 

F(4.e) « {4"w.e) X €^ X E^J X A(*.e))*^ (3) 

[0022] Then scanning {^,6) detects a peak at F<<>0,eO). 

50 [0023] While calculation methods of the covariance matrix Rxx. eigen vectors E^ of a noise space, and directional 
evaluation function F(^.e) are not dependent on the arranged positions of the array elements of an-ay antenna 101. the 
steering vector A(<J),e) is dependent on spatial an-anged positions of the array elements of array antenna 1 01 . 
[0024] F16.2 is a perspective view illustrating an example of arranged positions of the array elements in this embod- 
iment when the number of an^y elements Is 4. In F1G.2. X, Y and 2 each is an orthogonal axis, L is a distance between 

55 neighboring array elements on a horizontal plane, and D is a distance between neighboring anay elements in the ver- 
tical direction. 

[0025] - Tlien in FIG.2, array elements 11 1 -1 to 11 1 -4 are arranged on a side surface of a right circular cylinder so 
that distance intervals on the horizontal plane are L (L>0}, and concun-ently distance intervals In the vertical direction 
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are D (D>0). In other words, the array antenna elements 111-1 to 1 1 1-4 are arranged on a heDx He. 
[0026] The foftowing explains about the steering vector A(^,e) of array antenna 1 01 in the case of FIG 2 FIG 3A and 
FIG.3B Illustrate diagrams to explain path differences between an^y elements when amval radio signals are assumed 
to be plane waves in the case of FIG^. FIG.3A illustrates an XY plane when a direction ((^.e) of an arrival radio signal 
is (^,.0). The array elements 1 11-1 to 1 1 1 ^ are arranged at equal Intervals of element distance L in the fomi of a circle 
and a center of the circle Is a coordinate origin. When anival radio signals are assumed to be plane vraves, path differ- 
ences at array elements 1 1 1 -3 and 11 1 -4 are respectively o1 and o2 with respect to the coordinate origin. When it is 
assumed that ^=0 in the X axis direction, the path differences o1 and a2 are obtained with the equation (4) shown 
below. In addition, the path differences o1 and o2 are normalized with a wave length of me arrival radio signal. 



(4) 



[0027J nG.3B is a diagram illustrating an X2 plane when the direction i^,e) of the an-ival radio signal is (O.Oi). The 
enay elements are anranged with etement distances D in the vertical direction. Relative path differences at aray ele- 
ments 1 1 1 -2 and 11 1-4 are respectively 51 and 62 with respect to array element 11 1 -3. When It is assumed that 9=0 in 
the X axis direction, the path differences 51 and 52 are obtained with the equation <S) ehown below. In addition, the path 
differences 5l and 52 are normalized with the wave length of the arrival radio signal. 



51 = -O sin ei. 52 = O sin 61 - L cos 61 



(5> 



[0028] Thus the relative path difference at each of the anay elements with respect to the coordinate origin is 
obtained. Therefore when the number of array elements is 4, the steering vector A (<>,e) of array antenna 1 01 6 obtained 
with the equation (6) shown below. 

M^^Q) = [a , W.e). aa<^.e), a^i<^.B). a^(<>.6)l ^ (6) 
a ^(<^,e) = exp P«f2iijijS^<»«(4-«/4)cose)J 

a2<*.d) = exp [27c{Dsine - ^7^^|^cos(»|>-33t/4)cos6>J 

a3(*»®)= exp Pit{2Dsine - ggjj|^cos(*.5w/4)cose)J 

«4(*p6) = exp [2n{3Dsine - g-^-ii_cos(4-7ii/4)cos6}] 

[0029] FIG.4A and FIG.4B illustrate diagrams of another example of arranged positions of array elements in this 
embodiment in the case where the number of array elements is M. FIG.4A is an XY plane, end FIG.4B is a perspective 
view. In the case where the number of an^ay elements is M as illustrated In FIG,.4, the steering vector A (<>.e) is obtained 
with the equation (7) shown below. 

[0030] Accordingly by using the steering vector A(^,6), 

A(«.G) = [a,(^.6). . . a„(«,e), • • *,aj^{^.B)}^ (7) 

flmW.e) = exp[2n{(m-1)Dsine - ^-A_cos(^^2m-l)jt/M)co66}I 
it is possible to estimate directions of an an-ival radio signal using the MUSIC method. 

[0031] FIG.5A and FIG.5B are diagrams illustrating direction estimated results in the vertical direction when the 
number of array elements is 5, and direction estimating section 105 uses the MUSIC method as an estimation algo- 
rithm. FIG.5A Illustrates a result in the case of using a circular array such that the array- elements of array antenna 1 01 
are arranged on the same plane In the form of a circle. FIG.6B illustrates another result in the case where the array ele- 
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ments of array antenna 101 are arranged on a he fix. In each of FlGs.SA and SB. an abscissa is indicative of the vertical 
direction, and an ordinate is ind'tcative of normarized level in the directional evaluation function. Further each of FIGs.SA 
and 5B illustrates a case that two arrival radio signals (P.Q) are present 

[0032] As can be seen from comparison between FIGs.SA and 58. FIG.5B has a lower normalized level K of the 
5 evaluation function at a point between the two arrival radio signals (around 0* in the vertical direction), and it is under- 
stood that arranging anray elements on a helix improves the resolution. 

[0033] FIG. 6 is a diagram illustrating direction estimated results in the horizontal direction ^ and vertical direction 
e when the number of array elements is 5, the an^ay elements are arranged on the helix, and direction estimating section 
1 05 uses the MUSIC method as the estimation algorithm. As can be seen from FIG.6, it is possible to perform direction 
io estimation with high resolution in the horizontal direction ^ and vertical direction 0 by arranging the anay elements on 
the helix, and using the MUSIC method as the estimation algorithm.- 

[0034] In addition, in order to compare with a generally used array antenna such that the array elements are 
arranged at equal Intervals in the form of a circle on a horizontal plane, this embodiment explains the case where the 
array elements are arranged on the helix so that the array elements are arranged in the form of a circle on the horizontal 
15 plane. Further the present Invention enables direction estimation with high resolution in the horizontal direction <^ and 
vertical direction 6 by arranging an^ elements at respective different heights from a ground so as not to overlap to each 
other In the vertical direction. 

[0035] In addition, it is possible to hold uniform accuracy in horizontal direction direction of an arrival radio signal by 
an^nging array elements on a helix so that the array elements are an^nged In the form of a circular on a horizontal 
20 plane. 

(Second embodiment) 

[0036] Second embodiment explains a case that a position of a transmission source is calculated using direction 
ss estimated results obtained with a method explained in the first embodiment FIG .7 is a block diagram illustrating a con- 
figuration of a direction estimating apparatus in this embodiment In addition, in the direction estimating apparatus illus- 
trated in FIG.7, sections common to those In the direction estimating apparatus illustrated In FIG.l are assigned the 
same marlcs as those in FIG.l , and explanations thereof are omitted. 

[0037] The direction estimating apparatus illustrated in FIG. 7 has position calculating section 201 In addition to con- 
30 figuration of the direction estimating apparatus illustrated in FIG.l . Direction estimating section 105 estffnates directions 
of an Incoming radio signal in the horizontal direction and vertical direction using received digltal signals obtained in A/D 
conversion section 103, and outputs direction estimated results to position calculating section 201. 
[0038] Position calculating section 201 calculates a position of a transmission source using the direction estimated 
results and a height of array antenna 1 01 . FIG. 8 is a diagram illustrating one example of methods for calculating a posi- 
35 tion In position calculating section 201. In FIG.8, H is the height of array antenna 101. As illustrated in F1G.8, when a 
transmission source is present at a constant height from a ground where the transmission source is positioned like an 
antenna of a vehicle moving on a road, it is possible to obtain a distance R between a coordinate origin and the trans- 
mission source with the equation (8) shown below. 

4o R=:H/tane, (8) 

[0039] Then position calculating section 201 is capable of specifying the position of the transmission source with R 
and 

[0040] Thus having position calculating section 201 that calculates a position of a transmission source enables cal- 
45 culation of the position of the transmission source using the direction estimated results and the height H of anray 
antenna 101. 

[0041] In addition, a method is conventionally known that calculates a position of a transmission-side apparatus 
based on a propagation delay that is a difference between a signal transmitted time at the transmission-side apparatus 
and a signal receh/ed time at a reception-side apparatus. However the propagation delay of radio signals is extremely 
so small, and the propagation environment varies due to effects of fading and noises in radio communications, whereby a 
measurement error in the propagation delay is lai^e, and therefore the accuracy Is limited in this method. In contrast to 
this, the present invention estimates directions of an arrival radio signal in the horizontal direction and vertical direction, 
calculates a position of a transmission source based on the estimated results, and therefore provides high accuracy. 

55 (Third embodiment) 

[0042]^ Direction estimation accuracy sometimes deteriorates largely when a radio signal arrives from a specific 
direction, depending on a positional relationship between arranged an-ay elements. For example, when the number of 
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array elements is 4 as illustrated In FrG.2, the direction estimation accuracy deteriorates largely in (9.6) = (0^,0"), 
(90^O*), (1 80»,(y») and (270«,0«). 

[0043] To solve this problem, the third embodiment explains a case that array elements are arranged so as to pre- 
vent deterioration of the estimation accuracy with respect to an arrival radio signal from a specific direction. In addition 
in this emiDodiment, a configuration of an entire apparatus is the same as that in FIG.1, and therefore the explanation 
thereof is omitted. 

[0044] F1G.9 is an XY plane illustrating one example of arranged positions of array elements in this embodiment In 
Fie.9. LI and L2 are distances between neighboring array elements on a horizontal plane. In addition it is assumed that 
LI * L2. In this embodiment, the array elements of array antenna 101 are ananged on a helix so that distanoe intervals 
between neighboring array elements are ununlform on the horizontal plane. 

[0045] FIGs. 1 0A and 1 0B are dlagranns Illustrating direction estimated results In the case of using 4 array elements, 
and using the MUSIC method as an estimation algorithm in direction estimating section 1 05. FIQ.1 OA is a diagram Illus- 
trating direction estimated results in the case of arranging the array elements so that the distance intervals tietween 
neighboring array elements are constant on the horizontal plane. FIG.1 OB is a diagram illustrating another direction 
estimating results in the case of arranging the array elements on a hefix so that the distance intervals between neigh- 
boring array elements are ununiform on the horizontal plane. Further each of FIGS.IOA and 10B Hlustrates the case 
that a directional evaluation function F((^,0) of an actual arrival radio signal is (90**,0^). 

[0046] As illustrated in FIG.lOA, when the array elements are arranged so that the distance Intervals between 
neighboring array elements are constant on the horizontal plane, a false peak is generated in addition to a peak at a 
desired direction In the directional evaluation function F(*,e). In contrast to this, as illustrated in FIG.1 OB. when the arrsy . 
elements are arranged on the helix so that the dl5tarK:e intervals between neighboring array elerrients are ununiform on 
the horizontel plane, a level of the false peak is decreased, thereby enabling improved direction estimation accuracy. 
[0047] By thus arranging the array elements so that the distance intervals between neighboring array elements are 
ununiform on the horizontal plane, it is possible to prevent deterioration of the estimation accuracy with respect to an 
arrival radio signal from a specific direction. This condition is effectne In particular when the number of array elements 
of an array antenna is a small number. 

(Fourth embodiment) 

[0048] Ihe fourth embodiment explains about a directivity controlling antenna apparatus which Is provided with an 
direction estimating apparatus according to the first embodiment, and which perfonns directional combining in recep- 
tion using direction estimated results obtained in direction estimating section 1 0S. 

[0049] FIG. 11 is a block diagram illustrating a configuration of a directivity controlling antenna apparatus in this 
embcKiiment. In addition in the directivity controlling antenna apparatus illustrated in FIG.11, sections common to those 
in the direction estimating apparatus Illustrated In FIG.1 are assigned the same marks as those in FIG.1, and explana- 
tions thereof are <xnitted. 

[0050] The directivity controlling antenna apparatus illustrated in FIG.11 has reception weight calculating section 
301 and reception beam fomrilng section 302 in addition to the configuration of the direction estimating apparatus illus- 
trated in FIQ.1. 

[0051] Reception weight calculating section 301 obtains reception weights to control an amplitude and phase of a 
received signal at each array element of array antenna 101, using received digital signals output from.A/O conversion 
section 103 and the direction estimated results output from direction estimating section 105. 

[0052] Reception beam forming section 302 performs directional combining for array antenna 1 01 on received dig- 
ital signals output from A/D conversion section 103 using the reception weights, and outputs a desired received digital . 
signal RX. 

[0053] At this point, it is possible to improve reception sensitivity by controlling a radiatton pattern so that a peak 
thereof is formed in the direction of a desired signal, and a null thereof is formed In the direction of an interfering signal. 

(Fifth embodiment) 

[0054] The fifth embodiment explains about a directivity controlling antenna apparatus whfch is provided with an 
direction estimating apparatus according to the first embodiment, and which performs dfrectlonal combining in trans- 
mission and reception using direction estimated results obtained In direction estimating section 105. 
[0055] FIG. 12 is a block diagram illustrating a first configuration of the directivity controlling apparatus according to 
this embodiment In addition in the directivity controlling antenna apparatus illustrated in FIG. 12, sections common to 
those in the directivity controlPng antenna apparatus illustrated In FIG.11 are assigned the same marks as those in 
FIG.11. and explanations thereof are omitted. 

[0056] The directivity controlling antenna apparatus illustrated in FIG. 12 has transmission weight cateulating sec- 
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Hon -401. transmission beam forming section 402. D/A conversion section 403 and transmission frequency conversion 
section 404 in addition to the configuration of the directivity controlling antenna apparatus Illustrated in FIG. 12. 
[0057] Transmission weight calculating section 401 obtains transmission weights to control an amplitude and phase 
of a signal to be transmitted from each array element of array antenna 101, using received digital signals output from 
5 A/D conversion section 1 03 and the direction estimated results output from direction estinr^ating section 105. 

[0056] Transmission beam forming section 402 performs directivity conuol of array antenna 101 on transmission 
digital signals using the transmission weights. 

[0059] In this case. It Is possible to improve communication qualities by controlling a radiation pattern so that a peak 
thereof is formed in the direction of a desired signal, and a null thereof is formed in the direction of an interfering signal. 
w [0060] D/A conversion section 403 converts an output signal from transmission beam forming section 402 Into an 
analog transmission Intermediate frequency signal or baseband signal. Transmission frequency conversion section 404 
converts the intermediate frequency signal or baseband signal output from D/A conversion section 408 into a radio fre- 
quency signal, and the resultant radio signal Is transmitted from the anay antenna. 

[0061] Further as illustrated in FIG. 1 3, it may be possible that a directivity controlling antenna apparatus is provided 
ts with transmission/reception beam forming section 501 that operates as reception bearn forming section 302 and trans- 
mission beam forming section 402. In this case, transmission/reception beam forming section 601 performs dlrec^onat 
combining for an^y antenna 101 on received digital signals output from A/D conversion section 103 using reception 
weights, and outputs a desired received digital signal. Further transmission/reception beam forming section 501 par- 
forms directivity control of array antenna 101 on transmission digital signals using the reception weights. This configu- 
2o ration does not require transmission weight calculating section 401 , whereby it is possible to reduce a computation 
amount and miniaturize the apparatus. 

[0062] Furthermore as illustrated in RG.14. it may be possible that a directivity controlling antenna apparatus is 
provided with transmission array antenna 601 comprised of m array elements 611-1 to 611-m separately from array 
antenna 101 comprised of n (n<m) array elements, so that transmission array antenna 601 transmits a radio frequency 
25 signal output from transmission frequency conversion section 404. In this case, since it is possible to sharpen a radia- 
tion beam pattern In the dliectlon of a desired signal in transmitting the signal, it Is possible to reduce power consump- 
tion at a reception-side apparatus. 

(Sbcth embodintent) 

30 

[0063] FIG. 15 is a blocl< diagram illustrating a configuration of a direction estimating apparatus according to the 
sixth embodiment of the present invention. In addition in the direction estimating apparatus illustrated in FIG. 15, sec- 
tions common to those in the direction estimating apparatus illustrated in FIG.i are assigned the same marks as those 
in FIG.I , and explanation thereof are omitted. 
35 [0064] The direction estimating apparatus Illustrated In FIG .1 5 has IQ generating section 701 in addition to the con- 
figuration of the direction estimating apparatus illustrated in FIG.I . 

[0065] MD conversion section 103 converts an analog output signal from received frequency converelon section 

102 Into a digital signal using a proper sampling frequency to output to IQ generating section 701 . 

[0066] !Q generating section 701 generates an in-phase component signal (hereinafter referred to as I signal) and 
40 a quadrature component signal (hereinafter referred to as Q signal) intermittently and apertodically, using a received 

digital signal obtained in A/D conversion section 103, based on instruction from direction estimating section 105. In 

addition a specific method is described later that generates the I signal and Q signal in IQ generating section 701. 

[0067] Direction estimating section 105 estimates a direction of arrival of a received radio signal using the I signal 

and Q signal output from IQ generating section 701 . At this point, it is possible for direction estimating section 105 to 
45 estimate the direction of arrival of the received radio signal with high accuracy using a super resolution algorithm such 

as the MUSIC method. Further direction estimating section 105 instructs output timings of the I signal and Q signal to 

IQ generating section 701. 

[0068] The following explains about the specific method of generating the I signal and Q signal in IQ generating 
section 701 in this embodiment, using FIGs.16 and 17. In each of FIGs.16 and 17, an abscissa is indicative of time, an 

so ordinate Is indicative of amplitude, and Ts Is indicative of sampling period. 

£0089] As illustrated In FIG.1 6, when a sampling frequency f, that clock generating section 1 04 generates is set to 
be 4 times the intermecfiate frequency fip a phase difference between successive two sampling points (for example, 2 
and 3) is 90*". Therefore a received complex digital signal is otAained by setting a timewise former signal to be an i sig- 
nal, and further setting a timewise latter signal to be a Q signal at the two successive sample points. 

55 [0070] Further as illustrated In FIG .1 7, when the sampling frequency fg that clock generating section 1 04 generates 
is set to be 4/3 times the intermediate frequency fif, a phase difference between successive two sampling points (for 
example. 0 and 1) is 270". Therefore a received complex digital signal is obtained by setting a timewise former signal 
to be an I signal, and further setting a timewise latter signal to be a -Q signal (which has an inverted polarity, i.e., a polar- 
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ity-inverted Q signal) at the two successive sanple points. 

[0071] The phase relationships between successive two sampling points as lirustrated in FfGs.i6 and 17 are 
always maintained not depending on sampling points, whereby IQ generating secUon 701 is capable of generating the 
I signals and Q signals intermittently and aperiodically. 
5 [0072] In addition since the sampling period Is set to be lower in the case of FIG.1 7 than that of FIG. 16. it Is possible 
to fetch the received complex digital signals more accurately, and to further mprove accuracy in directbn of arrival esti- 
mating processing, In the case of FIG.l 7. 

[0073] Further while FIGal6 and 17 explain the cases that the sampling frequency fg Is 4 times the Intermediate 
frequency f,p and that the fg is 4/3 times the l|p the present Invention may obtain I signals and Q signals in a similar way 
10 to this embodiment by setting the sampling frequency fg to be 4N tlnnes or 4N/3 times the Intermediate frequency f,p 
and using two values In a sampling period of (N-1) (N is a natural number). 

[0074] In addition when in direction estimating section 105, the direction of arrival estimating processing Is per- 
formed with software operating on an OS using a PC. a time required for signal processing Is Indefinite, whereby it is 
not possible to set intervals to fetch a received signal from an array antenna to be constant 

IS [0075] In contrast to this, in this embodiment, IQ signal generating section 701 is capable of generating I signals 
and Q signals intermittently and aperiodicelly. Therefore when direction estimating section 105 instructs IQ generating 
section 701 to output the I signal and Q signal at the time computation in the signal processing is completed, it is pos- 
sible to generate complex digital signals aperiodically, and to perfbmn the direction of arrival estimating processing inde- 
pendently of the time required for the signal processing. 

20 [0076] Further by the use of a method obtained by combining the subspace-based method such as the MUSIC 
method as a direction of arrival estimating algorithm, and a TQR-SDV method excellent In adaptation property, direction 
estimating section 1 05 is capatrfe of updating a direction of arrival estimated result of a received signal sequentially 
every time a pair of the I signal and Q signal is obtained. Therefore it ts possible to perform fast and highly accurate 
estimation adaptable to rapid changes in direction of arrwal of a radio signal in the mobile communication environment. 

25 

(Seventh embodiment) - 

[0077] FIG.1 8 Is a block diagram illustrating a configumtion of a direction estimating apparatus In the seventh 
embodiment of the present inverttlon. In addition in the direction estimating apparatus Illustrated in FIG.1 B, sections 
30 common to those in the direction estimating apparatus illustrated In FIG.15 are assigned the same marks as those in 
FIG. 15, and explanations thereof are omitted. 

£0078] The direction estimating apparatus illustrated in FIG.1 B has propagation environment analysis section 801, 
and estimation method selecting section 802 in addition to the configuration of the direction estimating apparatus illus- 
trated in FIG.15, and further has k (k is a natural number equal to or more than 2) direction estimating sections lOS-1 
35 tol06-k. 

[0079] Propagation environment analysts section BOI measures respective levels of an I signal and Q signal output 
from IQ generating section 701 . and based on variations In the respective levels, analyzes the propagation environ- 
ment. Then propagation environment analysis section 801 outputs a signal Indicative of a result analyzed from the prop- 
agation environment to estimation method selecting section 802. 

[0080] Estimation method selecting section 802 outputs the I signal and Q signal output from IQ generating section 
701 to either of direction estimating sections 105-1 to 105-k, in order to enable the direction of arrival to be estimated 
with an optimal algorithm corresponding to the propagation environment 

[0081] Direction estimating sections 105-1 to 105-k each estimates a dlrectton of arnvai of a received signal using 
an algorithm different from each other, using the I signal and Q signal output from estimation method selecting section 
4S 802. 

[0082] By thus preparing a plurality of dlrectton estimating sections 105-1 to 105-k each estimating a dlrectton of 
arrival of a received signal with an algorithm different from each other, and by analyzing the propagation environment 
based on variations In levels of the I signal and Q signal, it is possible to estimate the dlrectton of anrival with an optimal 
algorithm corresponding to the propagation environment. 

so 

(Eighth embodiment) 

[0083] The eighth embodiment explains about a directivity controlling antenna apparatus which is provided with a 
directton estimating apparatus according to claim 6. and which performs directtonal combiriing in reception using direc- 
ss tion estimated resutts obtained in directton estimating section 105. 

[0084] FIG. 19 is a block diagram Illustrating a configuration of the directivily controlling antenna apparatus in this 
embodiment. In addition in the directivity controlling antenna apparatus illustrated In FIG. 19, sections common to those 
in the directton estimating apparatus illustrated in FIG.15 are assigned the same marks as those in FlG.15, and expla- 
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nations thereof are omitted. 

[00851 The directivity controUing antenna apparatus Illustrated In FIG, 19 has reception weight calculating section 
901 and reception beam forming section 902 in addition to the configuration ol the direction estimating apparatus illus- 
trated in FIG. 15. J L. * 
[0086] Reception weight calculating section 901 obtains reception weights to control an ampfitude and phase of a 
received signal at each array element ot array antenna 101. using an I signal snd Q signal output from IQ generating 
section 701 and the direction estimated results output from direction estimating section 105. 

[0087] Reception beam forming section 902 pertomns directional combining for an^y antenna 101 on the I signal 
and Q signal output from IQ generating section 701 using the reception weights, and outputs a desired received digital 
signal RX. 

[0088] The following explains about a specific method of generating the I signal and Q signal in IQ generating sec- 
tion 701 In this embodiment, using FIG-20. In FIG.20. an abscissa Is Indicative of time, an ordinate Is Indicative of ampli- 
tude, and Ts Is Indicative of sampling period. 

[0089] In this embodiment, a sampling frequency is set to be sufficiently higher than a symbol frequency fo of a 
received signal in A/D conversion section 1 03. Thereby as Illustrated in FlG.20. it is possible to set time intervals (Tol , 
T,q2....) between the I signals and the Q signals generated in IQ generating section 701 to be shorter than a symbol 
duration, whereby demodulation processing in reception can be performed using the I signal and Q signal. 
[0090] At this point, It is possible to improve reception sensitivity by controlling a radiation pattern so that a peak 
thereof is formed in the direction of a desired signal, and a null thereof is formed in the direction of an interfering signal. 



(Ninth embodiment) 

[0091] The ninth embodiment explains about a directivity controlling antenna apparatus which is provided with a 
direction estimating apparatus according to the sixth embodiment, and which perforn^s directional combining in trans- 
mission and reception using direction estimated results obtained in dinection estimating section 1 05. 
[0092] FIG.21 IS a block diagram Illustrating a tirst configuration of the directivity controlling antenna apparatus 
according to this embodiment. In addition in the directivity controlling antenna apparatus illustrated In FIG.21 . sections 
common to those in Uie directivity controlling apparatus illustrated in FIG.19 are assigned the same marks as those In 
FIG.l 9. and explanations thereof are omitted. 

■ [0093] The directivity controlling antenna apparatus ifiustrated in FlG.21 has transmission weight cateulating sec- 
tion 1001, transmission beam forming section 1002, D/A conversion section 1003 and transmission frequency conver- 
sion section 1 004 in addition to the configuration of the directivity controlling antenna apparatus Illustrated in FIG.19. 
[0094] Transmission weight calculating section 1001 obtains transmission weights to control an amplitude and 
phase of a signal to be transmitted from each array element of array antenna 1 01 , using an I signal and Q signal output 
from IQ generating section 701 and the direction estimated results output from direction estimating section IDS. 
[0095] Transmission beam forming section 1002 performs directivity control of array antenna 101 on transmission 
digital signals using the transmission weights. 

[0096] In this case, it Is possible to improve communication qualities by controlling a radiation pattern so that a peak 
thereof is formed In the direction of a desired signal, and a null thereof is formed in the direction of an interfering signal. 
[0097] D/A conversion section 1003 converts an output signal from transmission beam forming section 1 002 into 
an analog transmission intermediate frequency signal or baseband signal. Transmission frequency conversion section 
1004 converts the intermediate frequency signal or baseband signal output from D/A conversion section 403 into a 
radio frequency signal, and the resultant radio signal is transmitted from the anay antenna. 

[0098] Further as illustrated in FIG.22, it may be possible that a directivity controlling antenna apparatus Is provided 
with trar^smission/reception beam fonning section 1 1 01 that operates as reception beam forming section 902 and trans- 
mission beam forming section 1002. In this case, transmission/reception beam forming sectk>n 1101 performs direc- 
tional combining for array antenna 101 on the I signal and Q signal output from IQ generating section 701 using 
reception weights, and outputs a desired received digital signal. Further transmission/receplfon beam forming section 
1 101 performs directivity control ot array antenna 101 on transmission digital signals using the reception weights. This 
configuration does not require transmission weight calculating section 1002. whereby it is possible to reduce a compu- 
tation amount and miniaturize the apparatus. 

[0099) Furthermore as illustrated in FIG.23, it may be possible that a directivity controlling antenna apparatus is 
provided with transmission array antenna 1201 comprised of m anay elements 121 1-1 to 1211 -m separately from array 
antenna 101 comprised of n (n<m) array elements, so that transmission array antenna 601 transmits a radio frequency 
signal output from transmission frequency conversion section 1 104. In this case, since it is possible to sharpen a radi- 
ation beam pattern in the direction of a desired signal in transmitting the signal, it is possible to reduce power consump- 
tion at a reception-side apparatus. 

[0100] According to the present invention as explained above, by arranging array elements of an array antenna at 
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respective heights different from each ottier from a ground so as not to overlap to each other In the vertical direction, it 
is possible to improve direction estimation accuracy in the vertical direction and resolution as compared to the case that 
the array elements are arranged in the form of a circle on the same plane. Further it is possible to cabulate a position 
of a transmission source by using the estimated results, and furthermore to obtain effects such as improved communi- 
cation qualities and reduced power consumption by controlling the dinectivrty of the array antenna. 
[0101 J This application is based on the Japanese Patent Application N0.HEI1 1 -236732 filed on August 24 1999 and 
the Japanese Patent Application No^OOO-242961 filed on August 10, 2000 . entir© content of which is expressly incor- 
porated by reference herein. 

Ctainna 

1. An direction estimating apparatus comprising: 

an array antenna (101) using a plurality of antennas as array elements (1 1 1 -1-n), said array elements being 
ananged at respective different heights from a ground so as not to overlap to each other in a vertical direction; 
received frequency conversion means (102) for converting a radio frequency signal received at each of the 
an^ay elements into an Intermediate frequency signal or a baseband signal; 

A/D conversion means (103) for converting an analog signal output from the received frequency conversion 
means Into a digital signal; and 

direction estimating means (1 05) for estimating a horizontal direction and a vertical direction of an anival radio 
signal using the digital signal output from the A/0 conversion nneans. 

2. The direction estimating apparatus according to claim 1 . wherein each of the array elements of the anay antenna 
is arranged on a hafix. 

3. The direction estimating apparatus according to claim 2, wherein each of the array elements of the array antenna 
is arranged so that neighboring array elements are arranged at equal intervals on a horizontal plana 

4. The direction estimating apparatus according to claim 2, wherein each of the array elements of the anay antenna 
is arranged so that intervals between neighboring array elements are ununtfbrm on a horizontal plane. 

5. The direction estimating apparatus according to claim 1 , further comprising: 

position calculating means (201) for calculating a position of a transmission source based on the horizontal 
direction and vertical direction of the arrival radio signal estimated in the direction estimating means. 

6. A directivity controlling antenna apparatus comprising: 

a first array antenna (101) using a pluraPity off antennas as anray elements (111-1 - n), said array elements 
being arranged at respective different heights from a ground so as not to overlap to each other in a vertical 
direction; 

received frequency conversion means (102) for converting a radio frequency signal received at each of \he 
array elements Into en Intermediate frequency signal or a baseband signal; 

A/D conversion means (103) for converting an analog signal output from the received frequency conversion . 
means into a digital signal: 

direction estimating means (1 05) for estimating a horizontal direction and a vertical direction of an anival radto 
signal using the digital signal output from the A/D conversion means; 

reception weight calculating means (30.1) for obtaining a reception weight based on the digital signal and the 
horizontal direction and vertical direction of the arrival radio signal estimated in the direction estimating means; 
and 

reception beam fonning means (302) for performing directional combining for the first array antenna using the 
reception weight obtained in the reception weight calculating means. 

7. The directivity controlling antenna apparatus according to claim 6, further comprising: 

transmission weight calculating means (401) for obtaining a transmission weight based on the digital signal 
and the horlzorital direction and vertical direction of the-arrival radi^ 

transmission beam tomiirig means (402) for performing weighting on a transmission digital signal using the 



12 



EP 1 079 461 A2 

transmission weight obtained \n the transmission welgM calculating means; 

D/A conversion means (403) for converting a weighted transmission digital signal Into an analog signal; and 
transmission frequency conversion means (404) for converting an intermediate frequency signal or a base- 
band stgiial output from the D/A conversion means into a radio frequency signal to transmit. 

8. The directivity controlling antenna apparatus according claim 6, hJrther comprising: 

D/A conversion means (403) for converting a weighted transmission digital signal into an analog signal; 
transmission frequency conversion means (404) for converting an intermediate frequency signal or a base- 
band signal output from the D/A conversion means Into a radio frequency signal to transmit, and 
wherein the reception beam forming means (S0 1 ) pertomns weighting on a transmission digital signal using the 
reception weight. 

9. The directivity controlling antenna apparatus according claim 7, further comprising: 

a second array antenna (601) comprised of array elements (61 1-1 -n) of which the number is larger than the 
number of array elements of the first array antenna, and 

wherein the transmission frequency conversion means (404) transmits the radio frequency signal from said 
second array antenna. 

10. The direction estimating apparatus according claim 1 , further comprising: 

IQ generating means (701) for generating an Innohase component signal and a quadrature component signal 
intermittently and aperlodlcally f rem the digital signal output from the A/D conversion means; and 
wherein the direction estimating means (105) estimates the horizontal direction and the vertical direction of the 
arrival radio signal using the in-phase component signal and the quadrature component signal output from said 
iQ generating means. 

11- The direction estimating apparatus according claim 10, wherein the A/D conversion means (103) converts the ana- 
log signal output from the received frequency conversion means into the digital signal using a sampling frequency 
4N (N is a natural number) times an Intermediate frequency, and the IQ generating means (701) sets two succes- 
sive sampled signals at sampRng Intervals of (N-1) to be the in-phase component signal and the quadrature com- 
ponent signal. 

12. The direction estimating apparatus according claim 1 0. wherein the AJD conversion means (1 03) converts the ana- 
log signal output from the received frequency conversion means into the digital signal using a sampling frequency 
4N/3 (N is a natural number) times an intermediate frequency, and the IQ generating means (701 ) sets two succes- 
sive sampled signals at sampling intervals of (N-1) to be the In-phase component signal and a polarity-inverted 
quadrature component signal. 

13. The direction estimating apparatus according to claim 10» wherein the direction estimating means (105) updates 
estimated results of the horizontal direction and the vertical direction of the anival radio signal every time the IQ 
generating means generates a pair of the in-phase component signal and the quadrature component signal. 

14. The direction estimating apparatus according to claim 10. further comprising: 

propagation environnnent analysis means (801) for measuring respective levels of the in-phase component sig- 
nal and the quadrature component signal, and based on variations In the respective levels, analyzing a propa- 
gation environment; 

estimation method selecting means (802) for selecting an optimal direction of amval estimating algorithm cor- 
responding to the propagation environment analyzed in the propagation environment analysis means, and 
wherein the direction estimating means (105-i-n) estimates the horizontal direction and the vertical direction 
of the arrival radio signal using the direction of arrival estimating algorithm selected in the estimation method 
selecting means. 

15. A directivity controiring antenna apparatus comprising: 

a third anay antenna (1 01 ) using a plurality of antennas as array eiements(1 11-1 -n); 
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received frequency conversion means (102) for converting a radio frequency signal received at each of the 
array elements Into an intermediate frequency signal or a baseband signait 

MD conversion means (1 03) for converting an analog sfgnai output from the received frequency conversion 

means into a digital signal; 

IQ generating means (701) tor generating an In-phase component signal and a quadrature component signal 
intermrttently and aperiodicaity from the digital signal output from A/D conversion means; and 
direction estimating means (105) for estimating a horizontal dlrecUon and a vertical direction of an arrival radio 
signal using the in-phase component signal and the quadrature component signal output from said IQ gener- 
ating means; 

reception weight calculating means (901 ) for obtaining a reception weight based on the horizontal direction and 
the vertical direction of the an-ival radio signal estimated In the direaion estimating means and the digital Slo- 
nal;and 

reception beam fbmning means (902) for performing directional combining for the tWnl array antenna using the 
reception weight obtained in the reception weight calculating means. 

16. An direction estimating metfiod, comprising: 

an^nglng a plurality of antennas composing an anay antenna at respecth^e different heights from a ground so 
as not to overlap to each other in a vertical direction; and 

estimating a horizontal direction and a vertical direction of an arrival radio signal using a signal received at 
. each of the antennas. 



30 



4S 



SO 



55 



OOCIQ; <ep 107»461A2lI,> 



14 



EP 1 079 461 A2 



OHf h; 



2? DIRECTION ESTIMATING 
SECTION 



-IT 



A/D CONVERSION SECTION 



CLOCK 
GENERATING 
SECTION 



RECEIVED FREQUENCY 
CONVERSION SECTION 




15 



EP 1 079 461 A2 



z 




nG.2 



16 



_io7a4eiAa i » 



EP 1 079 461 A2 




FiasB . 



17 



EP 1 079 461 A2 




EP 1 079 461 A2 




VERTICAL DlRECTlONr ] 
nG.5A 




VERTICAL DlRECTlONr ] 



RG.5B 



19 



EP 1079 461 A2 



NORMALIZED 

LEVEL IN 
DIRECTIONAL 




RG.'6 



20 

SDOCID: *EP 107Q4eiA2_l,» 



EP 1 079 461 A2 



7 UJ 



81 



POSITION CALCULATING 
SECTION 



DIRECTION ESTIMATING 
SECTION 



A/D CONVERSION SECTION ^ 



=1 



CLOCK 
GENERATING 
SECTION 



^ RECEIVED FREQUENCY 
CONVERSION SECTION 



I I 



21 



NSOOOO: <EP .... 10794ei«J_» 



EP 1079 461 A2 




iOOClD: *EP l0704eiAg_l_> 



22 



EP 1 079 461 A2 




X 



FIG.9 



.ior94eiA2_Ls 



23 



EP 1 079 461 A2 



NORMAUZED 

LEVEL IN 
DIRECTIONAL 
FUNCTION[dBI 



FALSE 




VERTICAL 
DIRECTIONr ] 



HORIZONTAL 
DIRECTIONr ] 



NORMALIZED 

LEVELIN 
DIRECTIONAL 
FUNCTION{dBJ ..... 



0 



FIG.IOA 




VERTICAL 
DIRECnONr ] 



390 



HORIZONTAL 
DIRECnONr ] 



FIG.lOB 



24 



tOOCIDt <EP 107B46lAg_l_> 



EP 1 079 461 A2 



RECEPTION 
WEGHU 
CALCULATING 
SECTION 



X 



DIRECTION 
ESTIMATING 
SECTION 



RECEPTION 
BEAM 
FORMING 
,(1 SECTIO N 

1^' A ~- 



A/D 
CONVERSION 
SECTION 



CLOCK 
GENERATING 
SECTION 



RECEIVED 
FREQUENCY 
CONVERSION 
SECTION 



25 



NSOOCID: <EP_ 



1079A61A2_l_i 



EP 1 079 461 A2 



TRANSMISSION 
WEGHIT 
i{ CALCULATING 
SECTION 



RECEPTION 
WEGHIT 
CALCULATING 
SECTION 



DIRECTION 
ESTIMATING 
SECTION 



RECEPTION 
BEAM 
FORMING 
gC l SECTIO N 



A/D 
CONVERSION K 
SECTION 

T T ••• T 



CLOCK 
QENERATINQ 
SECTION 



RECEIVED 
FREQUENCY 
CONVERSION 

SECTION 



TRANSMISSION 
BEAM 
. FORMING 
SECTION 



D/A 
CONVERSION 
SECTION 



11- 1 



TRANSMISSION 
FREQUENCY 
CONVERSION 
SECTION 



I I 



EP 1 079 461 A2 



S7 



RECEPTION 
WEGHIT 
CALCULATING 
SECTION 



DIRECTION 
ESTIMATING 
SECTION 



X 

QC 



TRANSMISSION/RECEPTION 
BEAM FORMING SECTION 



A/D 
CONVERSION 
SECTION 



CLOCK 
GENERATING 
SECTION 



51 



D/A 
CONVERSION 
SECTION 



RECEIVED 
FREQUENCY 
CONVERSION 

SECTION 



TRANSMISSION 
FREQUENCY 
CONVERSION 
SECTION 



27 



EP1 079461 A2 



TRANSMISSION 
WEGHTT 

CALCULATING 
SECTION 



RECEPTION 
WEGHIT 
CALCULATING 
SECTION 



DIRECTION 
ESTIMATING 
SECTION 



q: 



RECEPTION 
BEAM 
FORMING 
giC l SECTIO N 



A/D 
CONVERSION 
SECTION 



5v 



CLOCK 
GENERATING 
SECTION 



RECEIVED 
FREQUENCY 
CONVERSION 

SECTION 



I I 



CO 



TRANSMISSION 
BEAM 
FORMING 
SECTION 



D/A 
CONVERSION 
SECTION 



7 TRANSMISSION 
^ FREQUENCY 
CONVERSION 
SECTION 



S7 



A A.-. A 



aXaCID; <6P 107946 tAgJ_> 



EP 1 079 461 A2 



2 Q 
Oltll-; 

S 00 °- 



U7 



DIRECTION ESTIMATING 
SECTION 



IQ GENERATING 
SECTION 



A/D CONVERSION 
SECTION 



^ CLOCK 
GENERATING 
SECTION 



d 



RECEIVED FREQUENCY 
CONVERSION SECTION 



29 



JSOOCID: <EP_ 107M61A2LI_> 



EP1 079 461 A2 




jy^OOClD: <EP 1 079461 A2 J ,> 



30 



EP 1 079 461 A2 




31 



NSCXXID:<EP tOTWeiAa I > 



EP 1079 461 A2 



§7 



gig 




ESTIMATION METHOD 
SELECTION SECTION 



^ IQ GENERATING 
SECTION 



A/D CONVERSION 
SECTION 



-IT 



^ CLOCK 
GENERATING 
SECTION 



RECEIVED FREQUENCY 
CONVERSION SECTION 



... 



32 



EP1 079 461 A2 



in 



155 



o 



2 

"J m ^ O 

o>ouj 

£r < 

o 



r 



CM 

o 



1 



a 



CM 
O 



] IQ GENERATING 
SECTION 






• ■ • 




A/D CONVERSION . 
SECTION 






• a • 





CLOCK 
GENERATING 
SECTION 



RECEIVED FREQUENCY 
CONVERSION SECTION 




33 



EP 1 079 461 A2 




M^xxao; <EP io794ei*aj_> 



EP 1 079 461 A2 



TRANSMISSION 

WBGHT 
CALCULATING 
SECTION 



RECEPTION 
WEIGHT 
CALCULATING 
SECTION 



to 



DIRECTION 
ESTIMATING 
SECTION 



X 



RECEPTION 
BEAM 
FORMING 
SECTION 



TRANSMISSION 
BEAM 
FORMING 
SECTION 



IQ 

GENERATING 
SECTION 



A/D 

CONVERSION 
SECTION 



CLOCK 

GENERATING 
SECTION 



CO 

o 



CM 

d 



D/A 
CONVERSION 
SECTION 



RECEIVED 
FREQUENCY 
CONVERSION 

SECTION 



TRANSMISSION 
FREQUENCY 
CONVERSION 
SECTION 




35 



EP 1 079 461 A2 



RECEPTION 
WBGHT 
CALCULATING 
SECTION 



DIRECTION 
ESTIMATING 
SECTION 



TRANSMISSIO N/RECEPTION 
BEAM FORMING SECTION 



IQ 

GENERATING 
SECTION 



A/D 
CONVERSION 
SECTION 



CM 



CLOCK 
GENERATING 
SECTION 



RECEIVED 
FREQUENCY 
CONVERSION 

SECTION 



D/A 
CONVERSION 
SECTION 



TRANSMISSION 
FREQUENCY 
CONVERSION 
SECTION 




36 



EP 1 079 461 A2 



TRANSMISSION 

WEIGHT 
CALCULATING 
SECTION 



RECEPTION 
WEIGHT U 
CALCULATING 
SECTION 



DIRECTION 
ESTIMATING 
SECTION 



RECEPTION 
BEAM 
FORMING 
SECTION 



IQ 

GENERATING 
SECTION 



C5 



A/D 
CONVERSION 
SECTION 



RECEIVED 
FREQUENCY 
CONVERSION 

SECTION 



I I 



CLOCK 
GENERATING 
SECTION 



TRANSMISSION 
BEAM 
FORMING 
SECTION 



D/A 
CONVERSION 
SECTION 



s 

TRANSMISSION 
FREQUENCY 
CONVERSION 
SECTION 



CO 
CM 

i 



CM 



Nspoctp: <ep iD7P46iAaj_> 



(19) 



J 



Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



llliilllll 

(11) EP 1 079 461 A3 

EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) lntCI.7: H01Q 3/2o. G01S 3/74, 




14.08.2002 Bulletin 2002/33 


H04Q 7/36. H03D 3/00 


(43) 


Date of publication A2: 






28.02.2001 Bulletin 2001/09 




(21) 


/^plication number: 00118320.1 




(22) 


Date of filing: 23.08.2000 




(84) 


Designated Contracting States: 


• Mimura, fi/lasahiro 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyko 168-0042 (JP) 




MC NL PT SE 


• KIshlgami. TakaakI 




Designated Extension States: 


Kawasaki-shl, ICanangawa 214-0038 (JP) 




AL LT LV MK RO SI 


• HasegawB, Ma koto 






Tokyo 157-0067 (JP) 


(30) 


Priority: 24.08.1999 JP 23673299 


• Fukagawa,Taka8hi 


10.08.2000 JP 2000242981 


Kawasaki-Shi, Kanagawa 215-0025 (JP) 


(71) 


Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


(74) Representative: Grtinecker, KInkeldey, 


CO., LTD. 


Stockmair & Schwa nhSusser AnwaltssozletSt 




Kadoma-shirOsaka 571-8501 (JP) 


Maximlilanstrasse 58 






80538 MOnchen (DE) 


(72) 


inventors: 




• 


Nakagawa, Youichi 






Tokyo 113-0022 (JP) 





CO 

< 



(54) 



Direction estimating apparatus, directivity controlling antenna apparatus, and direction 
estimating method 



(57) Array elements 111-1 to 1 11 -n of array antenna 

101 are arranged at respective different heights from a 
ground so as not to overlap to each other in a vertk^l 
direction. Received frequency conversion section 102 
converts a radio frequency signal received at each of 
the array elements 111-1 to 111-n of array antenna 101 
into an intermediate frequency signal or baseband sig- 
nal. A/D conversion section 1 03 converts an analog sig- 
nal output from received frequency conversion section 

1 02 into a digital signal using a proper sampling frequen- 
cy. Direction estimating section 105 estimates directions 
of an arrival radio signal in a horizontal plane and vertk^al 
plane using received digital signals obtained In A/D con- 
version sectkm 103. It Is thereby possible to suppress 
increases in the number of array elements and compu- 
tation amount, and to improve estimation accuracy in 
the vertical direction and resolution atthe time a plurality 
of signals arrive. 



0. 

liJ 



Printed by Jouve, 750O1 PARIS (PR) 



(Cont. next page) 



vSPOCID:<£P . l0794qiA3 ■l..> 



EP 1 079 461 A3 




FIGJB 



EP 1 079 461 A3 



J 



European P8tent 
Office 



EUROPEAN SEARCH REPORT 



Application Nufnl»«t 

EP 00 11 8320 



DOCUMENTS CONSIDERED TO BE RELEVANT 






Citation of doctment with Mcatioa where apfiroprbte, 
of rolevanl passaoei 


Retovant 
lodalm 


CLASSIFICATION OF THE ' 
APPUCA-nON OnLCLt) 


V 


CR 9 1(\Q A f MOTOROLA ITDl 
6 August 2997 (1997-08-06) 

* page 6, line 6 - line 28 * 

* page 7, line 11 - page 8, line 2 ♦ 

* figures ♦ 


1-16 


HOI 03/26 
G01S3/74 
H04Q7/36 


Y 


PATENT ABSTRACTS OF JAPAN 

vol. 3998, no. 01, 

30 January 1998 (1998-01-30) 

'& JP 09 2380D9 A (NITSUBISHl ELECTRIC 

CORP), 9 September 1997 (1997-09-09) 

* abstract • 

* paragraph * 0001! ♦ 

* figures 1,19 * 


1-14,16 




Y 


US 5 172 070 A (HIRAIUA HISAKI ET AL) 
15 December 1992 (1992-12-lS) 
» abstract; figure I* 


15 




A 


G6 2 316 807 A (MATSUSHITA ELECTRIC IND CO 


1-16 






LTD) 4 March 1998 (1998-03-04) . 
« the whole document * 

GB 2 324 911 A (SECR DEFENCE)' 
4 November 1998 (1998-11-04) 
* the whole document 




- TECHNICAL nELOS 
SCARCMED 4MA.7) 


A 


1-14,16 


H040 
HOlO 
GOIS 
H03D- 


A 


US 5 603 089 A (SEARLE JEFFREY G ET AL) 
11 February 1997 (1997-02-11) 
♦ the whole document * 


1-14,16 




A 


US 5 926 065 A (OHNISHI MAKOTO ET AL) 
20 July 1999 (1999-07-20) 
* the whole document * 


15 




The present sefirch report has been drawn up for aO claifne 







MUNICH 



3 Oune 2002 



Dol linger, F 



CATEGOR-y OF CITED DOCUMEfcTTS 

X ; pan»cji8rty lotcvant B taken «looe 

Y : pankubrty leievant 4 ecntxnea nrith a.'KNW 

axitmeni oi t'\e same CBiegory 
A : technologicBl backgiouM 
O : non-«v«iti«n disctosurf 
p : irtwmetiiate doeuiiMm 



T : meofv or prirxupte uncMilyinc ItM iiwvfllian 
C : tuter pAr«n) oocumeftl, bul ptfilitMd«v or 

after tho liSng <ia*» 
D : document dittd in ths apolicaMn. 
L ; oocumenl cIlvO lor off>er iemon& 

ft : mcniDet of me aamm paxeni lunlty, eof*esponctng 



3 



■soociDr <gp ioyo4eiAaj.> 



EP 1 079 461 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 11 8320 



TMs annex lists ihe paieni tamlly memaersrelatiftg to the paiem docuniente cited In tf\e above-mentfoned European searcti rragrt 
ThA members are as oomained in the European Patent CKiice £DP Ne on 

IhB Eufcpeen Patent Olfic« is in no way Qabla lor these periiajiara which are mersly gtven tor tie purpose of irfbrmation. 

03-06-2002 



PaiBrn document 


PubUcattan 


Patent totiily 


Putflceilon 
date 


a'ted in seaich report 


date 


membef(a} 



GB 2309858 



06-08-1997 NON£ 



JP 09238009 


A 


09-09-1997 • 


NONE 






US 5172070 


A 


15-12-1992 


OP 


4177946 A 


25-06-1992 


GB 2316807 


A 


04-03-1998 


JP 


3204111 82 


04-09-2001 








JP 


10070502 A 


10-03-1998 








CN 


1176566 A 


18-03-1998 








DE 


19737136 Al 


12-03-1998 








68 


2325785 A ,B 


02-12-1998 








US 


6188913 81 


13-02-2001 


GB 2324911 


A 


04-11-1998 


NONE 






US S603089 


A 


11-02-1997 


EP 


0593822 Al 


27-04-1994 








AT 


145496 T 


15-12-1996 








DE 


69215372 01 


02-01-1997 








DE 


69215372 t2 


13-03-1997 








EP 


0687031 A2 


13-12-1995 








OP 


7079475 A 


20-03-1995 








US 


6038459 A 


14-03-2000 


US 592606& 


A 


20-07-1999 


JP 


10117220 A 


06-05-1998 



i For more details atxiut this anrwx : see Official. Joumtf ol the Eurnpnan Patent Ottice H&. %2/6B 



ilf>, <€P l07«4aiA3J..> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SmES 
FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

>3^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



